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HOMING SEQUENCES AND THEIR OSES 



INTRODUCTION 

Technical Field 

The technical field of the subject invention 
concerns physiologically active proteins associated 
with cellular homing to target anatomical sites. 

Background 

The immune system, unlike most organ systems 
which are consolidated in one anatomical location, is 
dispersed over an entire organism. It exists as 
circulating elements in the blood, through which it 
gains access to nearly all body tissues, and as 
innumerable lymphoid aggregates throughout the body. 
Therefore, the immune system is placed under a special 
constraint, which is managed by substituting extensive 
cell-cell recognition and interactive events. 

The constraints imposed by a physically 
unmoored blood-borne immune system containing a 
particular antigen reactive lymphocyte at very low 
frequency demands additional organization to insure 
appropriate interaction with antigen regardless of the 
antigens portal of entry. The dynamism of the 
circulating lymphoid system is relieved by scattered 
solid collections of lymphoid elements, such as thymus 
lymph nodes, Peyer's patches, and spleen, which 
together constitute the lymphoid organs. 

Perpetual percolation of lymphocytes through 
lymphoid organs efficiently arms each of these organs 
with the entire repertoire of antigen-reactive cells; 
lymphocytes recirculate from blood to lymphoid organs 
and back to blood, generally passing the efferent 
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lymphatic vessels and their collecting ducts. The 
specific portal of entry of lymphocytes from 
bloodstream into peripheral lymphoid organ was 
identified as specialized postcapillary venules bearing 
5 unusally high-walled endothelia, subsequently 
designated high endothelial venules (HEV's). 
Recirculating lymphocytes, but not other blood-borne 
cells, specifically recognize, adhere to luminal walls, 
and migrate through this highly specialized endothelium 
10 into the lymphoid organ parenchyma proper. This 
migration of recirculating lymphocytes from blood 
stream to particular lymphoid sites has been called 
"homing," and the cell surface structures mediating 
recognition and adherence to lymphoid organ HEV's have 
15 been called "homing receptors." Therefore, lymphocyte 
homing appears to be regulated by the expression of 
complementary adhesion molecules on each of the two 
participants, the recirculating lymphocyte and the 
specialized lymphoid organ HEV's. 
20 The homing phenomenon is an important aspect 

of many systems, both for the benefit and detriment of 
the host. The ability to home specific cells to 
particular organs can be of great benefit in the 
defense of disease, particularly where the cells may be 
25 introduced adjacent to the particular organ of 

interest, so that the specialized cells will populate 
that organ. By contrast , in the case of cancer, 
particularly lymphomas, the homing receptor may serve 
to enhance metastases, so as to spread the neoplasia 
30 throughout the immune system. Homing may be an aspect 
of the inflammatory response, which may result in 
autoimmune diseases. The ability to diminish the 
inflammatory response or attack on native tissue may 
serve as a therapy in the case of such diseases as 
35 rheumatoid arthritis. There is, therefore, great 
interest in being able to identify the molecules 
involved with homing, the mechanisms by which homing 
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occurs, and means for modulating the homing response. 

Relevant Literature 

Reviews of the integrin family of proteins may 
5 be found in Hynes (1987) Cell £8:549-544; and Ruoslahti 
and Pierschbacher (1987) Science 238:491-497. Descrip- 
tions of the VLA family of proteins are provided by 
Takada et al. (1987) Proc . Natl . Acad . Sci. USA 
84:3239-3243; Hemler et al. (1987) J. Biol . Chem. 
10 262 :3300-3309; Hemler et al. (1987) J. Biol . Chem . 
262 :11478-11485; and Hemler et al. (1988) Immunol . 
Today 9:109-113. 

The structure of the alpha and beta subunits 
has been described by Kishimoto et al. (1987) Cell 
15 48:681-690; Argraves et al. (1987) J. Cell Biol . 
105 :1183-1190; Fitzgerald (1987) J. Biol . Chem . 
262:3936-3939; Suzuki et al. (1986) Pro . Natl . Acad . 
Sci . USA 83:8614-8618; Poncz et al. (1987) J. Biol . 
Chem . 262 :8476-8482; Arnaout et al. (1988) J. Cell 
20 Biol . 106:2153-2158; Pytela (1988) EMBO J. 7:1371-1378; 
Corbi et al. (1987) EMBO . J. 6:423-4028; and Corbi et 
al. (1988) J. Biol . Chem . 263 :12403-12411. 

A description of the MEL-14 antibody and the 
lymph node specific homing receptor to which it binds 
25 is described by Gallatin et al (1983) Nature 304:30-34; 
Seigelman et al. (1986) Science 231:823-829; St. John 
et al. (1986) Science 231:845-850; Jalknen et al. 
(1986) Eur . J. Immunol . ^6:1195-1202; and Jalknen et 
al. (1987) J. Cell Biol . 105:983-990. 
30 See also Dailey et al. (1982) Pro c. Natl . 

Acad . Sci . USA 79:5384, which suggests that CTL's 
specific for a particular cell which does not have a 
homing receptor must be in the drainage of the target 
for activity. 
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SUMMARY OF THE INVENTION 
Methods for modulating homing to peripheral 
lymphoid organs, e.g., lymph nodes and mucosal lymphoid 
organs, e.g., Peyer's patches, are provided, employing 
5 antibodies to the homing receptor core proteins, 

nucleic acid compositions for the expression of core 
proteins, methods of transfecting cells to provide 
homing capability, and the use of the various 
compositions in diagnosis and therapy. Particularly, 
10 mouse and human alpha and beta subunits of the integrin 
family used for homing to mucosal lymphoid organs and 
lymph node homing receptors are described. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

15 Methods and compositions are provided which 

find use in the modulation of homing of cells to 
peripheral lymphoid organs, e.g., lymph nodes and 
mucosal lymphoid organ and/or membrane sites, e.g., 
Peyer's patches in mammalian hosts, particularly human 

20 hosts. It is now shown that VLA-4 is a member of the 
integrin family associated with homing to the high 
endothelial venules (HEV's) associated with Peyer's 
patches, while a ubiquinated protein which is highly 
glycosylated is shown to be associated with a lymph 

25 node homing receptor. 

In accordance with the subject invention, 
nucleic acids encoding the core proteins or physio- 
logically active fragments thereof, the use of such 
nucleic sequences for transfection of cells to provide 

30 homing to the particular sites or produce peptides 
which may be used as antagonists, the proteins and 
fragments thereof which may be used as antagonists, 
antibodies to the proteins, and antidiotypes are 
described . 

35 The various compositions may be used in a 

variety of ways: In diagnosis, to define the presence 
or absence of cells, tissue or bodily fluids containing 
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and/or expressing the homing receptors or the 
complementary ligand; in^therapy, to enhance the homing 
phenomenon by enhancing the population of homing 
receptor on the surface or to inhibit the homing 
phenomenon by either employing competitive proteins as 
antagonists, or antibodies which may inhibit complex 
formation between the homing receptor and its 
complementary ligand, particularly in relation to an 
imflammatory response; in research, to identify the HEV 
proteins binding to the different domains of the homing 
receptors and the effect of mutations in the domains on 
binding. 

In addition, the subject peptide compositions 
may be used to direct various compositions to 
particular sites in a mammalian host, by binding the 
moiety of interest to a subject peptide. In this way, 
greater specificity of association between the moiety 
of interest and the high endothelial venule or other 
cellular targets may be achieved. 

The nucleic acid sequences may be used for 
producing the subject peptides, or fragments thereof, 
in accordance with genetic techniques or may be joined 
to other nucleic acid sequences, under conditions 
involving a replicating species, where the conditions 
provide for expression of the subject peptides jointly 
with other proteins, thus directing the replicating 
species to the target sites. 

First will be considered the mucosal lymphoid 
tissue and organs, including Peyer's patch, homing 
receptors, associated with the integrin family, where 
both the mouse and human proteins will be described. 
It is understood that the mouse and human proteins find 
analogy, one with the other, in that these proteins are 
immunologically cross reactive, and that there is 
substantial conservation of these sequences in the two 
species. However, the proteins of the two species are 
given different names and until a common nomenclature 
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is provided, the different names and their analogues 
will be considered. 

The mouse proteins which are described are 
referred to as LPAM-1 and 2, where LPAM stands for 
lymphocyte Peyer's patch HEV adhesion molecule, while 
VLA stands for Very Late Antigens (of lymphocytes). 
LPAM-1 and -2 share a common alpha unit referred to as 
a 4m' wl »ich binds to two different beta subunits, where 
the beta subunit of LPAM-1 is referred to as e p which 
does not find analogy with the heretofore reported beta 
subunits of the human integrin VLA proteins, & ± , b 2 , 
and e 3 . The LPAM-2 beta unit finds analogy with 
integrin The LPAM proteins are further 

characterized in that LPAM-1 is a heterodimer of a and 
6 subunits of about 160kd and 130kd M r respectively, 
that the association requires the presence of calcium 
ions, and that proteins of 84kd M r and 62kd M r present 
in LPAM-1 precipitates appear to be products of 
proteolytic immunoprecipitates of proteolytic 
processing of alpha chains. The structure of LPAM-1 is 
virtually identical of that of the human integrin 
receptor VLA-4, with cross-reactivity of monospecific 
antisera between the alpha units of the VLA-4 and LPAM— 
1 proteins being observed. 

The LPAM-1 and -2 proteins and their subunits 
are provided in purified form, generally being at least 
50 wt.%, usually at least about 90 wt.% preferably at 
least about 99 wt.%, particularly as to the presence of 
other proteins. The compositions may be present in 
lyophilized form, in solution, or formulated with other 
components, as desired. 

The alpha and beta subunits are transmembrane 
glycoproteins with large extracellular and short 
' cytoplasmic domains. The human beta subunits show 40- 
35 48% identity to each other. in amino acid sequence, 
their extracellular domains contain 56 cysteine 
residues, all of which are conserved. The alpha 
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subunits of integrins contain a series of sites capable 
of divalent cation binding, show substantial amino acid 
sequence similarities between the various alpha 
subunits and in some instances consist of two disulfide 
5 linked polypeptides. The cysteines of the beta 

subunits include 4 repeats of an 8 cysteine motif. 
Rather than the heretofore observed combination of 
subunits involving a single beta subunit binding to a 
number of different alpha subunits to provide different 
10 homing receptor molecules, it has now been discovered 
that a single alpha subunit may bind to different beta 
subunits to provide for different homing receptors, 
having overlapping homing capability. Thus, individual 
alpha subunits may be combined with different beta 
15 subunits to produce homing receptors having 
overlapping, but different binding profiles. 

The lymph node homing receptor binds to the 
antibody MEL-14 which may also recognize a ubiquitin 
epitope. The lymph node receptor is characterized by 
20 being a highly glycosylated protein which is also 

ubitiquinated and has a core structure as described in 
the experimental section. The precursor protein has an 
unusually long signal sequence, which has the normal 
hydrophobic region, which in turn is followed by a 
25 hydrophilic domain. The molecular weight of the 
glycosylated protein is about 90 kD, while the 
ubiquitin-f ree core protein is about 35-40 kD. The 
mature protein has a pi of about 4-4.5 (See Siegelman 
and Weissman, Ubiquitin, ed. Martin Rechsteiner, Plenum 
30 Publishing Corp., 1988, chapter 9, pp. 239-69). 

Murine and human lymph node homing receptors 
have the nucleic acid coding and flanking sequences and 
related amino acid sequence as described in the 
Experimental section • 
35 The murine cDNA clone described in the 

Experimental section has a 54 bp 5' untranslated region 
followed by an initiator ATG codon, which begins an 
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uninterrupted open reading frame of 1,116 bp. The 
reading frame encodes a protein with a hydrophobic 
leader sequence 38 amino acids in 1 ngth, before 
reaching the initial tryptophan residue of the mature 
5 protein. The leader sequence has a length unusual for 
a signal sequence. 

The mature protein possess 10 potential 
asparagine-linked glycosylation sites consistent with 
protein characterization studies which show extensive 
10 glycosylation in endoglycosidase F digestion. These 
are contained within an identical repeat unit 
structure. The mature protein contains 22 cysteine 
residues, where 12 of the cysteines are present in a 
complement regulatory repeat structure and an 
additional 9 cysteines are concentrated in the 60 amino 
acids just preceding the repeat units involving the 
EGF-like domain. This results in a highly cysteine- 
rich pre-transmembrane region of 180-190 amino acids. 

The deduced mature protein is 334 amino acids 
in length with a calculated molecular weight of 37,600. 
The hydrophobic transmembrane regions encompassing 
amino acids from about 295-317 is followed by a cluster 
of positively charged residues and a hydrophilic cyto- 
plasmic tail of 18 amino acids. A hydropathy plot 
25 further shows distinct regions of relative hydro- 

hilicity, concentrated in the amino-terminal 150 acids 
and in the membrane proximal approximate 20 amino 
acids. The intervening extracytoplasmic portion is 
comprised of a relatively electrically neutral stretch 
which is characterized by repeat units, identical at 
nucleotide as well as protein level. 

The extracytoplasmic portion of the receptor 
is made of three separate extracytoplasmic domains, 
defined by their homology to three disparate protein 
35 motifs. One shows homology to the carbohydrate binding 
domains of animal lectins (positions 74-118); the 
succeeding 37 amino acids (positions 119-155) occupy 
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the region between the lectin domain and complement 
regulatory repeat units and exhibit similarity to the 
epidermal growth factor (EGF) cysteine-r ich repeat 
unit; the third region is comprised of two identical 
5 repeat units conforming to the consensus sequence of 
homologous repeats found in complement regulatory and 
other proteins (positions 156-217). 

The individual domains may serve for their 
respective purposes as separate and distinct entities. 

10 For example, the lectin domain may be used for binding 
to a complementary sugar or identifying sugars with the 
particular domain. The EGF domain may be used to bind 
to the EGF receptor, competing with natural EGF for 
binding to the receptor. The complement regulatory 

15 repeat units may be used in regulating complement, by 
being combined with the members of the complement 
cascade to modulate complement formation and lysis. 

The EGF-like domain preserves many of the 
cys-gly residues characteristic of the EGF repeat unit, 

20 with six consensus cysteines present, as well as 

glycines at 147 and 150, and tyrosine at 148. The 
relationship of these conserved residues is identical 
to that of human and bovine blood clotting factors IX 
and X, and the Drosophila Notch gene product, and 

25 similar to other molecules containing EGF-like 

domains. These regions are believed to be involved in 
cell-cell interaction mechanisms essential for 
embryonic differentiation of ectoderm into neural and 
epidermal precursors. The EGF-like domain further 

30 shares homology with a portion of one of the cysteine- 
rich repeat units of the 8-chain of the integrin LFA-1 
82~chain in the human. 

The duplicated repeat unit has 62 amino acids 
in length and spans positions 156-217 and 218-279. A 

35 known protein exhibiting significant homology to this 
sequence is the murine complement factor H, a serum 
protein with complement regulatory activity. The same 
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homologous repeat motif exists in a number of 
complement regulatory proteins which bind C3/C4 and in 
other proteins such as zl _ 2 recepfcor , the ' « 
glycoprotein serum protein and factor XIII. 

The lymph node homing receptor will be 
substantially conserved among the various mammalian 
species. Thus, the receptor will have a signal 
sequence, lectin-like domain, and EGF-like domain, and 
a repeat sequence, where the repeat finds homology with 
complement regulatory proteins. These various domains 
may serve to provide for individual activity, being 
agonxsts or antagonists as to their particular 
functions. The sequences may be used to inhibit 
binding of the homing receptor to the HEV. 

The sequences may be modified, where a 
sequence of only about 8 amino acids may be employed 
coming within- one of the sequences of the various 
domains The sequences may be mutated, by changing up 
to 20% of the amino acids, more usually not more than 
about 1 0% , where deletions and inserfc J ns 

from about 1 to 10, usually from about 1 to 5 amino 
acids . 

The DNA sequences corresponding to the various 
domains may be used as probes for finding other 
proteins having like domains, sharing homology in 
function with the domains of the homing receptor. 

Depending upon the particular protein 
-ployed, different sites for homing may be achieved. 



which includes Peyer's patches, appendix, tonsils, 
adenoids, bronchial mucosa, mesenteric lymph nodes, or 
the like. For the peripheral l ympho id organ homing 
receptor, all peripheral lymph nodes, and potentially 
the spleen, will be the primary targets. 

The subject proteins, nucleic acid sequences 
encoding the proteins, or chemically, biologically or 



In the case of the LPAM or VLA proteins described f 
above, homing will be primarily to mucosal tissue. 
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variety of appUcations . Tne protei 
fragments thereof may be used to produce antisera or 
monoclonal antibodies SDecifl,- <=„ "-sera or 

5 of the subject „J Sp6Clflc toc °»« °' more epitopes 

be ased / S ' *" tUtn ' the ""bod!- may 

be used to produce anti-idiotype antibodies which mav 
-xr^tly compete with the homing receptor for biding 
to the complementary li 9 and. These antibodies Hnd 

» anhibiting the complex formation between the ho 
10 receutor ; ^ ecween tft e homing 

'"f^ " S "-P^entary l ig and. Thus, the 

antibody may be used to prevent homing of cells to 

mTf^YusTin^heT ^ 
y ina use ln the treatment of inflammatory bowel 

dxseases such as regional ileitis, ulcerative coUtis 

severe lymphadeni tides, histiocytic disorders of Ivmoh 

nodes or oth^r inPi. ^ rs or J-ymph 

- ; e usedt i^r^s^t 1 :::. r^rr 

binding tTLT™'* 1 ?* " fra9nentS there ° f - " Pable ° f 
ndxng to the complementary ligand may also be used as 

antagonists for complex formation. Thus , by 

th^e n :r:: in9 h the homin9 recept ° r « «—n* 

cnereof to a host, the protein may serv* t-« k 

honung receptor associated with the target cells 

en™, « Rathei tha " a " ln9 as "bibitors to prevent 
complex formation between lymphocytes and HEv's "e 

ZTVI 3 ' fra9mentS there0f ' " -ti-idiotype 
ant lb od a es may serve to direct a wide variety of 
molecules to the homing site. Thus, i„ the l ase of 
neopiastic tissue, by administering one of thH t 
compounds or compositions bound to'a the! ^ , T^T 
the 1Z I'" M " din9 ° f «-«P«tic drug lo' 

Isi ed II e"^ """"^ ^ ~ "tion I the 

rlllT T Pr ° Vide f ° r the """in, of 

radioisotopes for in vivo diagnosis or imaging. £or 
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radiotherapy. or the like . Mt .„. ti 

bind cytotoxic drugs, either directly or in the Lme n 
of liposon.es. where the subject protein would dire" 
the cytotoxic drug to the homing site. 
S The nuc leic acid sequences encoding the 

proteins of the subject invention win usually be at 
least 12nt, more usually at least 16nt, and may be 50nt 
or more, providing for a sequence different from the 
members of the homing receptor proteins having 
10 •"b.t.nti.ll, different target profiles from the sa™ 
or different species. The DKA sequences will be 
present as other than a mammalian chromosome, generally 
present as less than SOknt. particularly during 
manipulations, such as cloning and constructions. If 
introduced in a cell, the sequence may be integrated in 
the chromosome, but may be at other than its natural 
site i„ the genome. The sequence may be a genomic 

IZZZ C ° nPrlSin9 311 " <* th. structural gene 

or a cDNA comprising all or part of the coding 

20 sequence. 

of th. SeqUen ° eS M » be identical to the sequence 

of the gene or be different, including transitions, 
transversions, deletions or insertions. For use in 

25 func! 9 "T 6 "" 5 enC ° dln9 Pr ° teins analogous 
25 function, related sequences may have as little as 30* 

homology, usually at least about 40% homology, for 
mutant sequences or closely related proteins, there 
"ill usually be at least about 95% identity with the 
wild-type sequence, particularly conservative 
» substitutions, although there may be substitutions 

which result in fewer than 5, changes in amino acids, 
usually not more than a total of 10 amino acids 
preferably not more than about 5 amino acids. 

The nucleic acid sequence may be modified by 
being labeled with a label capable of providing a 
detectable signal, either directly or indirectly, such 
as a radioisotope, biotin, fluorescer, etc. 
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The nucleic acid sequences encoding the 
subject proteins or fragments thereof may be used for 
expression of the peptides. Thus, vectors may be 
prepared which provide for expression of a peptide of 
5 interest, which may then be harvested for use as 

described above. A large number of expression vectors 
are commercially available or have been described in 
the literature for expression in a variety of 
prokaryotic and eukaryotic hosts. Hosts of interest 

10 include E. coli , B. subtilis , yeast, such as 

Saccharomyces , Kluyveromyces , etc., filamentous fungi, 
such as Neurospora , mammalian cells, such as CHO, COS, 
HeLa cells, L cells, immortalized T- or B-cells, e.g., 
EBV immortalized B-cells, etc. Replication systems 

15 include ColEl, simian virus 40, baculovirus, lambda, 
2my plasraid, bovine papilloma virus, etc. A large 
number of transcription initiation and termination 
regulatory regions have been isolated and shown to be 
effective in the transcription and translation of 

20 heterologous proteins in the various hosts. The 

literature. is replete with examples of these regions, 
methods for isolating them, and their manner of 
manipulation, and such disclosure will not be repeated 
here. 

25 Vectors may be prepared which will usually 

include one or more replication systems for cloning or 
expression, one or more markers for selection in the 
cellular host, e.g., antibiotic resistance, and one or 
more expression cassettes for expression of the subject 

30 proteins. Desirably when expressing the subject 

proteins in a cell to be used for homing to a target 
site, regions other than the wild-type transcription 
initiation region will be used, where the initiation 
may be constitutive or inducible, but not subject to 

35 the wild-type regulation. 

The coding sequences may be synthesized, 
isolated from natural sources, may be prepared as 
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hybrids, or the like. Joining of the coding sequences 
to the transcriptional regulatory sequences may be 
achieved by restriction, ligation, use of adaptors or 
polylinkers, or the like. The particular method of 
preparing the expression vector, introducing the vector 
into an appropriate host, growing the host, whereby the 
subject peptide is expressed, and then isolating the 
subject peptide is not critical to this invention and 
any convenient technique or protocol may be employed. 

Besides introducing an expression cassette 
comprising the subject coding sequences for producing 
the protein, in many situations it will be advantageous 
to transform cells to enhance their capability for 
homing or impart to a cell a homing capability. Thus, 
15 it may be of interest to transform stem cells, usually 
syngeneic or allogeneic, and cultivate the stem cells 
to produce stem cells of a particular lineage or 
subset, such as natural killer cells, tumor 
infiltrating lymphocytes, cytotoxic T-lymphocytes, 
20 B-cells, or the like. One could then provide for the 
homing of these cells to a particular site or sites, 
where these cells provide a desired function. 
Alternatively, one could isolate precursor cells, e.g., 
CD4~' CD8~, or mature cells, e.g., CD4 + or CD8 + , and 
25 transform them in an analogous manner. The cells could 
then be returned to the host for appropriate therapy. 

Depending on the choice of host, one could 
obtain the core protein ( unubiquinated) or the 
ubiquinated protein. Using microorganism hosts or 
other eukaryotic hosts which do not have the processing 
capability to ubiquinate the core protein will result 
in a product which is unprocessed. By contrast, by 
using an appropriate host, the ubiquinated product will 
be obtained. 

35 The signal sequence of the lymph node homing 

receptor may also be used for transport of a wide 
variety of proteins along particular pathways of 
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intracellular trafficking to result in special post- 
translational modifications for placement in various 
intracellular compartments or into the nutrient 
medium. Thus, the subject signal sequence provides an 
5 additional signal sequence which may find preferred 
application with certain proteins. 

The a 4m or bp protein may be used to obtain 
the gene encoding the a 4m or b p protein, either as the 
genomic gene or as cDNA. By preparing a probe based on 
10 an amino acid sequence of the a 4m or b p protein of at 
least about 6, preferably 8, amino acids , using the 
redundancy of the codons to prepare all possible 
variations, one can identify sequences in a library 
comprising either cDNA or genomic DNA. The cDNA 
15 library may be prepared in accordance with conventional 
ways from cytoplasmic RNA from a homing Peyer's patch 
HEV binding lymphoma, e.g., TK1, and then subtracted 
with a T-cell lymphoma which does not home to Peyer's 
patches. The subtracted library may then be probed 
20 with the probe indicated above. Positive clones may 

then be sequenced to identify the presence of a nucleic 
acid sequence encoding the correct amino acid 
sequence. If necessary, where a complete structural 
gene sequence is not obtained, the truncated sequence 
25 may be used as a probe to identify a clone having a 
complete sequence or, if necessary, to use the 
truncated sequence as a primer for reverse transcrip- 
tion of mRNA from the original source. Once a complete 
sequence has been identified, the sequence may then be 
30 used in a variety of ways as previously described. 
Substantially the same procedures described for the 
identification of the gene for the lymph node homing 
receptor gp90 Me1 " 14 may be employed for the LPAM 
subunits a 4m or b p . 
35 The DNA may be used to provide conjugates for 

specific binding to complementary sequences in a host 
cell. In this way one may identify cells comprising 
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»«NA for the homing receptor pcoteins . Furthernore 
such sequences may be used as therapeutic ' 
destroy expression of homing receptor in ceils expres- 
the homing receptor, by linking such seguences to 
5 aaents capable or cleaving nucleic acid seauences suL 
as ribozymes, metal chelates, etc. 

The subject proteins may also be used to 
provide vaccines, by introducing a sequence coding for 
the sublet proteins in place of a gene in a viru! 
encoding the envelope protein. The viruses would then 
be transported to a site bavin, a large lymphocyte 
population, where the virus could be endocytosed 
resulting in a strong immune response. 

15 fin* SUbJeCt Pr ° teins ° r ««,ments thereof may 

15 find use as conjugates to various compounds, aggrega- 
tions, cell, or the li«e. for directing specific 
compositions to the target site. The epitopic binding 
site of the homxng receptor may be radiolabeled for 
specifically directing a radioisotope for diagnosis or 
« therapy to high endothelial venules of Peyefl patches 

VJLTl T COSal SitM " ly " Ph "° deS - " this way he 
radiolabel may be concentrated at sites of interest for 

diagnosis of neoplasia, treatment of aberrant cells, 
etc. The subject epitopic site may be used for direc- 
ting cytotoxic compounds to specific sites, such as 
natural toxins, antibiotics, enzyme inhibitors, or the 
■Uke. The subject compounds may be bound to liposomes 
by conventional ways for directing a liposome to a 

0 It l Slte " 1Umen ° f the "K— ^ «rve 

0 to carry drugs or other compounds of interest to the 

site for diagnosis or therapy. Samples of conjugation 
of proteins to lipids finds extensive exemplification 
in the literature. 

The subject proteins may be used to direct 
• specific subtypes of antibodies or cells producing 
particular antibodies to target sites, providing 
protective antibody at the target sites. Thus, l gG , 
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IgA, IgM, IgE or IgD may find particular use. In 
addition, the variable regions of antibodies have been 
cloned and shown to be effective in binding to 
particular epitopes. By joining a DNA sequence of a 
5 peptide capable of homing to a target site with a gene 
coding the variable region, or if desired, the heavy or 
light chain of an antibody, fusion protein products may 
be produced which will provide the desired binding 
capability at the target site, 

10 The subject nucleic acid gene sequences may 

also be used to transform cells in order to direct the 
cells to particular target sites. DNA constructs may 
be introduced in vitro into a target cell to provide 
homing capability to the cell. Thus, cells, e.g., 

15 lymphocytes, may be transformed with expression 

casettes comprising a transcriptional and translat ional 
initiation region functional in the host cell, a gene 
encoding one or the other homing receptors or of the 
subunits of a homing receptor, and a functional 

20 translational and transcriptional termination region. 
It is found that activated lymphocytes lose their 
homing receptors on the surface. By using an 
initiation region which is not subject to the natural 
regulation, the activated lymphocytes would have the 

25 homing receptor on the surface and be directed to the 
target site. 

In administering the various therapeutic 
agents, for the most part, empirical determinations 
will be involved in the level of the therapeutic 

30 agent. The level of proteins which are administered 

will depend to a substantial degree on the stability of 
the protein, its size, the manner of administration, 
the site of administration, the purpose of the therapy, 
and the like. Therefore, no simple range may be given 

35 which would indicate what levels should be applied for 
any particular therapy. For the most part, the 
proteins will be administered in an appropriate 
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physiologically acceptable medium, e g 

Phosphate buffered saline, or the i^e 2 ■ SaUn6 ' 
«H normally be parenteralj p, rti ££; ^-"ration 
cu la rly. Poc tl)e tnmm * - « * xntravas- 
5 treatment win also va "° Ve ' the course of 

the number o£ ce [ s l°l l als T ° f 
above. Wl11 also var y as indicated 

The subject compositions may be us.* ■ 
diagnostic assays for t K. . . ed ln 

" acids. Thus the prlei " " the nucleic 

conjugated to labels as^eaT f " 
determine the Presence o h'etbje^t" 6 
cell. Cells may then be segregated Pr °' eln °" * 
their target by us i„g . the ' h a «° rd — »"h 

" ^"icular target de!ejned'as a„ iL °' * 
health status of an individual " t he " " 
nucleic acids, .ay be used as P robes to d\ "** 
scription of the gene e , m , detect trai >- 

20 not activated, the nature of the ln ' a a ° tiVated or 
"•ce. Conventional assay techn lnt69rin ' ° r the 
determine the various events 9 " 3 ** t0 

The following examples are offers w 
^lustration and not by wav of t ° ffered bv ^ of 

>5 y ay of Citation. 
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30 



MATERIALS AND METHODS 
Cell Li nes 



The major index ppi in; 
studies was b-^J,"" U " e Utll "*<> for these. 
» cell l ymphoma cell ' *"""*"' ° f the conti„uou ! 

fluorescence fl OM cyto^ry L\ " * 

of the MEL-14 antigen , 7 " "Passion 

-t h the ca P acit y t i:^n\^ e y r ;r;:d cose9re9at - 
e™:: T ants o£ n - r •'^^ssii-!. 

xpression. also selected b y fluorescence 
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cytometry, were also used in these studies. 



10 



Immunoprecipitation and SDS-PAGE analysis of the 
putative lymphocyte homing receptor, gp90 Mel ~ 14 

Immunoprecipitation of cell surface 125 i- 
iodinated EL4/MEL-14 ni by MEL-14 antibody was performed 
as follows. 2 X 10 7 cells were surface radioiodinated 
using lactoperoxidase, then solubilized in 2 ml PBS 
containing 1% Triton X-100, 0.5% deoxycholate, 0.1% 
SDS, O.IM NaCI, 0.01 M Na phosphate, pH 7.5, and 5mM 
PMSF according to the method of Witte, et al. Proc. 
Natl. Acad. Sci. USA 75:2488 (1978) and clarified by 
ultracentrifugation (30 minutes at 30,000 rpm) . The 
lysate was incubated with a 20X concentrated MEL-14 
15 hybridoma supernatant (Gallatin et al. Nature 304:30-34 
(1983)), equivalent to 10-20 w g of monoclonal antibody, 
for 3-4 hours, at 4°C, followed by the addition of a 
four-fold excess over first stage of affinity purified 
goat anti-rat IgG, and incubated overnight at 4*C to 
20 effect formation of a solid precipitate. The 

precipitate was centrifuged at 3,000 rpm, and washed 
three times in 0.01 Tris-HCl, pH 7.4, 0.15 M NaCI, 0.2% 
Nonidet P40. Remaining complexes were solubilized by 
heating to 90°C for 3 minutes in Laemmli sample buffer, 
25 and analyzed on 10% SDS polyacrylamide tube gels in the 
Laemmli discontinuous gel system, as modified by Cullen 
et al. Transplant Rev. 30:236 (1976). The profile was 
obtained by gel fractionation at 1mm intervals followed 
by counting. 

30 Immunoprecipitation by MEL-14 antibody of 

EL4/MEL-14 hl cells metabolically labelled with 3 H- 
Leucine was performed as follows. 2 X 10 8 cells were 
labeled with 10 mCi of 3 H-Leucine. Briefly, cells were 
harvested in rapid growth phase and placed in culture 

35 at 10 7 cells/ml for 4-6 hours in Spinner balanced 
saline solution (Gibco), 10% fetal calf serum, 
supplemented with all amino acids except leucine, which 
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was added only as isotope at 200 mCi/ml. Cells were 
washed and solubilized in 0.5% Nonidet P40, 20mM PMSF 
for one hour at 4»C. Nuclei and debris w re removed by 
centnfugation, 15 minutes at 3,000 rpm. The l ysa te 
was applied to a column of Lens culinaris lectin 
conjugated to Sepharose 4B equlibrated in 0.01 M Tris- 
HC1, pH 7.4, 0.15M NaCl, 0.25% Nonidet P40. The 
glycoprotein enriched pool was eluted with 0.3 M methyl 
D-mannopyranoside. Precipitation of 5 X 10 6 cell 
equivalents and SDS-PAGE analysis was as described in 
the previous paragraph. Gel fractions were incubated 
m 0.1% SDS overnight at 4-c to elute radioactivity 
Radioactivity was counted in a Biofluor scintillation 
fluid (New England Nuclear) in a Beckman LS counter 
15 (Model LS-230). Molecular weight markers: 

phosphorylase b, 97,400; bovine serum albumin, 68,000; 
ovalbumin, 43,000. 

Two-dimensional polyacrylamide gel analysis of 
20 gp90 Mel ~ 14 

3 ' 000 c P m of ^-phenylalanine labelled 

9P90 -i4 was dialyzed against distilled water 

overnight, lyophilized, and solubilized in 20 ul of 
isoelectric focusing sample buffer. (O'Farrell, Cell 
25 12:1133 (1977)). The first dimensional charge 

separation was accomplished using non-equilibrium P H 
gradient electrophoresis (NEPHGE) , which allows 
assessment of proteins over a broad pH range from 3.5- 
10. First dimension NEPHGE gels were equilibrated in 
SDS sample buffer, and for the second dimension were 
embedded on top of 10% polyacrylamide SDS slab gels and 
run as described by (O'Farrell, j. Biol Chem. 250: 4007 
(1975)). The slab gel was fixed in 40% methanol, 10% 
acetic acid and stained with Coomassie blue, treated 
with the fluorographic medium Enhance (New England 
Nuclear), dried, and exposed to Kodak XAR-5 film for 14 
days for autoradiography. 
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Amino terminal automated Edman degradation of 
gp90 Mel-14 intrinsically labelled with 3 H . amino ac . ds 

Automated sequence analysis was performed on 
an Applied Biosystems Model 470A gas-liquid phase 
protein sequenator, modified to bypass the flask for 
conversion of thiazolinone derivatives. Entire butyl 
chloride extracts containing the 2-anilinothiazolinone 
derivatives at each step were transferred into vials 
directly for scintillation counting in toluene/PPO. 
Each sample was counted in duplicate for 10 minutes on 
a Beckman LS counter (Model LS-7500). Positions 
containing radioactivity above background indicate the 
presence of a particular 3 H-amino acid at that 
15 position. 

Cyanogen bromide analysis 

Automated amino terminal sequencing was 
performed as described above. CNBr digestion was 
performed basically as described. Briefly, the glass 
fiber filter containing the sample is removed from the 
sequenator, acylated with trif loroacetic anhydride to 
block remaining free amino groups, and digested by 
wetting with 25 „l of CNBr solution ( lOOrag/ml in 60% 
25 trifloroacetic acid) in a closed container at room 

temperature for 20 hours. The filter is then returned 
to the gas phase sequenator for resumption of 
sequencing analysis. 



20 



30 



35 



Endoglycosidase F digestion and SDS-PAGE analysis of 
cell surface 125 I-iodinated g P 90 M el-14 iBBUnopre . 
cipitates. 

2 X lot EL— 4 /MEL— 1 4 n * cells were labelled with 
2 mCi i via lactoperoxidase catalyzed surface 
radioiodination and solubilized and clarified as 
described. 1 ml aliquots of lysate were incubated with 
agitation overnight at 4°C with Sepharose 4B conjugated 
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to MEL 14 anybody <2mg antibody protein/ml gel bed . 
30 B 1 conjugated beads per precipitate) or with 
Sepharose 4B conjugated to R7D4, an isotype matched . 
-nocxona! antibody negative control whicTr^^I" 
5 the immunoglobulin idiotype on 381C13 cells ,R T.IT 
Stanford diversity, . After £our washes „ th i^' 

Till' elUt6d " ith bU "« 

90'C for 3 ': m " Capt0eth «° 1 ' — » »*«> by heating to 
90 C for 3 mmutes. Endoglycosidase P , Endo P) 
digestions were carried out according to Elder et al 
Proc. Natl. Acad. Sci. USA 79=4*540 ,1981,. Briefly 
e ua es were divided into three e q ual vdun.es and 

o ih l 2 r \ action buf£er to a Hnai c °««"t«tio„ of 

0.1H Na phosphate. P H 6.1, 0.05 „ edta, i t NP40 , and 1% 
15 2-mercaptoethanol. The sables were then incubated for 

of L ourTf" T 37 ' C ' eith " " ith " HUh0ut 

of S„l purified protease free Endoglycosidase p. The 

reaction was terminated by the addition of SDS to a 

20 l?ZTT° n 0t " thS Sa "*> les on a 

The all Mide by the method «* 

The gel was dried and f luorographed on Kodak XAP-5 film 
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inununoprecipitation and SDS-Page analysis of cell 
surface 125-iodinated E14- M EL-i 4 ni with monoclonal 
antx-ubiquitin antibodies 

4 mci MsJ X . 10 , 8 El - 4/Hm -" hi cells were labeled with 
< mci I via lactoperoxidase catalyzed radioiodi- 
natxon. Cell viability was assessed at <m. The cells 

d W Is r Ir let V 1 * 10 " 11S/ml tU "« « d c-ri'ed 
tZ l ? ' "" Pt that PriCr " ""racentri- 

fugation, lysates were precleared by a 4 hour 

mcubation at 4-C with 0.5 ml packed volume of 
Staphylococcus aureus (IgGsorb, The Enzyme Center, 
inc.) and 0.5 ml Sepharose 4B prior to immunoprecipi- 
tations. CNBr activated Sepharose 4B (Pharmacia, !as 
conjugated to affinity purified Goat-anti-mouse Ig o 
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35 



(Pelgreeze, 2mg antibody/ml gel bed) and this 
conjugated material was then incubated for 4 hours at 
4°C with ultrafiltration concentrated (5X) preparations 
of mouse hybridoma supernatant to be used for 
precipitation (5 ml supernatant equivalent/25 u l 
Sepharose). After thorough washing, antibody-coated 
Sepharose was incubated overnight in an ice-water bath 
with labeled cell lysate (25ul Sepharose/ml lysate) . 
Samples were washed four times in lysis buffer, eluted 
in Laemmli sample buffer, and subjected to SDS-PAGE 
analysis on a 9% SDS polysacrylamide gel under reducing 
conditions . 



Oligonucleotide synthesis 
15 A 32-fold degenerate fifteen base 

oligonucleotide corresponding to the amino-terminal 
five amino acids of the mature protein, determined by 
single tritiated-amino acid metabolic labeling was 
synthesized on an Applied Biosystems nucleotide 
20 synthesizer as described (Hewick et al. J. Biol. Chem. 
256:7990 (1981). Synthesis was performed in four pools 
of eight-fold degeneracy each, corresponding to the 
following sequences: 1) 5' TGG AC(T/C) TA(T/C) CA(T/C) 
TAT 3'; 2) 5' TGG AC(T/C) TA(T/C) CA(T/C) TAC 3'; 3) 5' 
25 TGG AC(A/G) TA(T/C) CA(T/C) TAT 3'; 4) 5' TGG AC(A/G) 
TA(T/C) CA(T/C TAC 3'. These probes were designed to 
correspond to the RNA coding (sense) strand. In 
addition, similar probes corresponding to the opposite 
(anti-sense) strand were also synthesized. 



Isolation of RNA 

Total RNA was prepared by the guanidine- 
thiocyanate RNA extraction procedure. Briefly, cells 
or tissues were homogenized in 8-16 volumes of 5M 
guanidine-thiocyanate in a Polytron homogenizer. 
Homogenate was centrifuged 10 min at 10,000 rpm to 
remove insoluble material. Supernatant was removed to 
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• "e„ tube and 0.5 VOIume Q . 

7.5 »M added. H-lauryl sar J- 7 CSC1 ' « 0m M EDTA, p H 

overlayed onto a 5 ml 5 ,„ ° hen ""f»U, 

* — ion ln SB po^alLa t tuLs' loV^ » ^ 
per tube. Centriguation was thin Senate 

«.«o« r Pm for 20 nours 1 rL^° a r rf : r " d at 2 °- c - 

resultant pellet was r.. ° t0r - T "e 

io o.ooim EDTA : „. 0 rnrL *v n nets b "»e r (0 . 1M 

^° the solution extracted " ith an ! 0 f ^ , ' 2% SDS '" 
tnen extracted twice .Ithl"^. ° f *™~' 

Alternatively, tof a i 
Prepared as previousl^'de^eT <f — was 
follows, cells or tiL^ h" """"ted as 

5 « 1500 rp m ,. c , 10 f"£ h °^en a t es were centri 

=o ld isotonic hi9h p ; ;« rrsr^r - - <* 

Tns-HCl, PH a . 4 , and l 5 J ' ' U40mH Nacl < 
ml IBB, i.os M „„„ ' "9C1 2 )- An additional , 
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ml MB, i.o% H p 4 o were * M 9"2>- An additional 20 
nuclei were centuu," ^ *o 

supernatant was removed and t "° 0 rPm ' 10 " a "<" 

--einase K, and sos added toT" Bl D th ^ 
allowed to proceed at m D *9estion was 

™«ture extracted with 21, , ° f ^ and "» 

-it* c h l orof or m , Jd" ^ ,ehl0tofo »' «»» *9ain 
Polv « pre «P"ated with EtOB. 

• cellulo P s 0 e ly a: f - - o^o- 

cytoplasnic rna as fo ' ^ eith « total or total 
oli 9 o-dT cellulose were prac.d PPr0 * i,Mtely "'^ ° l 
"ashed with io co lum „ vofJTo l» ! C ° lumn and 

(i™ EDTA, l 0 n«M Tris^HCl h in CTS ^ffer 

equilibrated i„ H iah T °" 25% SDS > an ° 

— HCi. P H 7.4 s^mT^gciT" ' HSB) Io™ 
t° the col» after heatLg' ^ — a PP"ed 

•l«ly run through, and the el " '° r * ' aUo » ed *» 
subsequent wash of the colu m „ reap P"ed 3X, with 

Bound material was elut 

was eluted with 4 «i eta, the 
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solumn was reequilibrated with HSB, and elut d material 
was reapplied after again heatin 9 to 65-c, and 
ad 5 uetin 9 NaCl concentration to 0.5 «, th „ bound and 
elut d as described above. Eluted poly-A contain!™ 
5 mRHA was ethanol precioitat^ , / containing 

...... Precipitated, resuspended in sterile 

distilled water, and stored at -70 c. 

cDHA synthesis 

,n ^ » , P ° ly " dT prinled CD »A »« synthesized from 4 „o 
10 selected mRNA following the basic RNAse H procedure 

Id f H °" man - °<™"<-««nded CDHA „L 

modified by placing Xhol adapters on the ends of the 

lioateT": 8 "t cDHA molecules was 

15 ^rat! XhCI ° £ 1 - bd "» ««tor 

15 (Stratagene, Inc.). 

Screening of cDHA libraries 

Approximately 7.5 x 10= phage plaques in E 

20 at about 15,000 plaques per plate, lifted onto 

Tn/IT^T' £UterS ' denatUr6d " neutralized, 
and baked for 2 hours at 80-C. Synthetic 

oligonucleotides were labeled with 32 p AIp utixi2i 

5 5X SSPE L tl o e r n r e - Bybtidi «"- - Performed'^ 
5 5X SSPE, 5X Denhardfs, 0.5t SOS, at 2 5 o C . for 18 

hours. Filters were subsequently washed i„ several 
changes of 5X SSPE, 0.2% SDS . Probin , of „ 
one pool of oligonucleotides of eight-fold degeneracy! 
constructed and deduced from the protein sequence 

» obtained , s . tgg ac,a/g, ta, T /c, ca,t/c, taHT 
resulted in the identification of 58 independent' 
isolates which reproducibly hybridized with this set of 
oligonucleotides. These purified clones were excised 
using helper phage and reciroularized to generate 

■ sublones in the phagemid vector pBluescript SK,-, 
(Stratagene, Inc.) for sequence analysis. 
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° NA fencing a„al ysis 

Fragments of clones „, 
sequenced elther or entire clones were 

orioin,, , PBluescript SK/-i 

iqmai laiabdaZAP isolates a. ' eitc ised from 

5 "ersions r,e ui ates, Bluescript its, . 

ons of p ha9e H13 KS (-), or 

"dude a Not r site and .«««». »odifi ed to 

Dideo, y -r4 S L nVe " lent <»'ecti onal 

e» P1 o y i ng the e„ 9 y i„ e : r :; 9 ; en "^ was utiii «a. 

io :: t chni ' ue <».«. Bioc h e: ica T i 7 si?*-"" 

cat lon of the *1 Corp.,. After ident . 

«diola belled Mino ^"'^.P-te- Predicted by 
«P«ate appropriate res "! ' ° f WO-1-14. 

"bcloned to derive the " fra *»ents "ere 

hereafter. o« 5MUC . '" M1 "ouence. and 
15 synthesi 2 ed to obtafn the Pri-r. were 

'""length clone a„ d T^"' "*»«~ »* the 
"here needed.. de " ve se =°nd strand sequence 

20 ^ bl °'^^««tion anal ysis 
Northern blot *n al . 

*«**Y of po ly A -selected pI" P "'°™* « * 
;«!«, of tlssue and J- ^ 5peci « "Olated f rom . 

* °™aldehyde procedure Ann • " 00r0 " " y the 
applied to each gel i a ' e *f ""^tely 5 „ 9 of RNA 

25 "» -as transferred to cenetV''" ele «"*»oresis 
Bybridi 2ation to ° ^"etran nylon m 

T P h e„ ra er- P r^"^:X e D -' ^ 

"° UrS " «*C. 50, for^ide 5X ^ T Perf0r, ° ed t0 " 
3 0 r Hyl ° n fUt ers were was hed » ««. 

rinses of „ sspE> •» high stri„ gency „ ith 

b * O.lx SSPE , S5 . c> ° S ; t en per ature , followed 

developed after exposure to ^ 5 \ TC^*** 

»y -touted S e guence .^^P^^^^ 

y S ° f -'erial purified 
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from extracts of MEL-14 positive cells was compared to 
the protein sequence encoded by the mLHR c cDNA clone. 
Purification of gp90 MEL " 14 from EL-4/MEL-14hi cells 
metabolically labelled with radiolabelled amino acids 
5 was performed as described ( 24 ) using the monoclonal 
MEL-14 antibody, 2 X 10 8 cells were labelled with 10 
mCi of a single 3 H- or 35 S-amino acid ( 84 ) for 4-6 
hours in Spinner balanced salt solution (Gibco), 10% 
fetal calf serum was supplemented with all amino acids 

10 except the radiolabelled one which was added at 200 
Ci/ral. Cells were solubilized in 0.5% Nonidet P40, 
20mM PMSF, for one hour at 4°C. Nuclei and debris were 
removed by centrif ugation for 15 minutes at 3 f 000 
rpm. The lysate was applied to a column of Lens 

15 culinaris lectin conjugated to Sepharose 4B 

equilibrated in 0-01 M Tris-HCl, pH 7.4, 0.15M NaCI, 
0.25% Nonidet. P40. The column was washed and bound 
material eluted with 0.3 M methyl-D-mannopyranoside . 
Lysates were incubated with a 20X concentrated MEL-14 

20 hybridoma supernatant, equivalent to 10-20 micrograms 
of monoclonal antibody, for 3-4 hours at 4°C, followed 
by the addition of an excess of affinity purified goat 
anti-rat IgG and incubation overnight at 4°C. The 
precipitate was centrifuged at 3,000 rpm, and washed 

25 three times in Q.01M Tris-HCl, pH 7.4, 0.15M NaCI, 
0.25% Nonidet P40. Complexes were solubilized by 
heating to 90°C for three minutes in Laemmli sample 
buffer, and gp90 MEL " 14 was purified on 10% SDS 
polyacrylamide tube gels using the Laemmli discon- 

30 tinuous gel system ( 8S ), as modified by Cullen ( 86 ). 
Gel fractions were incubated in 0.1% SDS overnight at 
4°C to elute the protein. Radiolabelled fractions were 
monitored in Biofluor scintillation fluid (New England 
Nuclear) in a Beckman LS counter (Model LS-230). 

35 Automated sequence analysis was performed on 

an Applied Biosystems Model 470A gas-liquid phase 
protein sequenator, modified to bypass the flask for 
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,24, _ tnia2 °lmone derivatives a<! 

< )• Entire butyl chloride extract! descrii >** 
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Additional variants of el T ! 6 VemileS - 
9P90MEL-14 expression dl "ering „ lt „ 

expression were obtained * ^ co 

sources, followino fi.„> ODt ained from various 

<««> ana iy sis:i d f1 ;: : s r; n t c h e es activat - cen — 

«V1 and VX3 are both radiati """"^ " Wel1 - 

thymoma clonal cell lites r'""* 4 leukemia virus 
formed by the was 
< )/ on a variety of do i„ , Ure as Ascribed 

-dated from a variety 0 f RN * ^ies 

Approximately 5 „ 9 of L and cel1 «»«• 

lane, and after electron to each 

Genetran nylon fii ter * " W3S transferred to 

with 32 p . dCTp ^ ; a y n b d ridl23ti0n to Prob. labelled 

performed f or 18 h Primer P ro «dure (89, 

i-or is hrs at 42°r <;n* * 

Denhardf s, 5X SSPE. Nylon fn , 5 ° % £o ™*Me , 5X 

y 00 fllters w ^e washed with 2X 
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SSPE, 0.2% SDS, at room temperature, followed by 0 . IX 
SSPE, 65°C, for 30', twice. Autoradiographs were 
developed after X hour xposure to XAR-5 film. a). 
Hybridization using 32 P-labelled murine lymph node 
5 homing receptor core peptide (mLHRc) DNA. Lane A, 
EL-4/MEL-14xhi; lane B, el-4/MEL-14hi ; lane C, BD 
EL-4/MEL-14hi; lane D, EL-4/MEL-141o; lane E, BD 
EL-4/MEL-141o; lane F, VL3; lane G, C6V1; lane H, 
thymus; lane I, spleen; lane J, mesenteric lymph node; 
10 lane K, liver; lane L, kidney; lane M, testes; lane N f 
brain; b) Hybridization using 32 P-labelled actin. 
Lanes A-N as in a). 

All cell lines and tissues expressing 
detectable nRNA exhibited identical patterns with bands 
15 at 1.5, 2.5 and 5.2 kb. Intensity of hybridization 
correlated with the cell surface expression of 
gp90 MEL-14. 

A number of variants of EL-4 which differ with 
respect to level of expression of gpSO"^ were 
20 selected and sorted by fluorescence flow cytometry, 
then quickly grown to process mRNA. The patterns on 
Northern blot analysis corresponding to mRNA from 
EL-4/MEL-14Xhi, EL-4/MEL— 14hi and EL-4/MEL-141o show 
transcript abundance paralleling cell surface 

25 expression. A particular decrement in the amount of 
1.5 kb transcript species in the EL-4/MEL-141o cells 
relative to the other positive cell lines suggested a 
prominant role for this species in determining cell 
surface expression. 

30 Additional cell lines unrelated to EL-4 were 

also included in the analysis, VL-3 and C6VL, in vitro 
T-cell lymphoma lines, the former expressing relatively 
low levels of surface antigen and the latter showing 
cell surface staining. The transcript pattern 

35 paralleled surface expression, to roughly control for 
relative loading of mRNA on the gel, the filter was 
stripped and rehybridized with sequences of a 
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transcript found ln cel i li P ° S1 " Ve f ° r th ° — • size 
— n show no ietect llH while liver, kldney 
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^^^^^ctivated cell MP , 

2E90f^fW4 ^—a, wxth respect to .vp T^..^^^ 

Cells were stained with • 
control (Al, si, ci mi "otype matched 

supernatant (3l i ^ °} ^rid« 

anti-rat i-uno^iL "^^.d 
reactivity with n,ouse seru * *" CrOM 

tt«4hi, 2: EL-41o; 3 E^T- ntS * A) * lj 

a-«o, 2: BD EL-41o* c> I EL ' 4Xhi * *>* 1 » 
°)« 1: BD EL-41o n«« • . ^ 2 J C5V1; 3s VL3 . 

native sort; 3 :'bo EL *' 

. . BD EL-41o, positive sort 
An independent m -a , 

fining pattern containing tKO d," T """" 
cell expression - a predomL > dlScrete Populations of 
a relatively SBall P o pula T ion h""*"" ^«io„ and 
expressing W 90«EL-14 " ' ab ° Ut 54 ° £ «Hs 
intensity staining cells J J* hi9he " and loBest 
9'ovn, and ^ extracted JIT**' im,ediatel y 
transcript i„ No rther„ £ ^essxon of the 

Population and absent in t „. l " the hi 9 h 

hereby sno „ lng , in cZ^^™*^ 
described above, congregation of \ 

surface antigen expression T tt,Merl Pt and cell 
sane clonal cell i ine . "araants derived from the 
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FACS analy sis of Cos-7 cells transfected with mLHR c j3NA 
The full length cDNA clone was transferred to the ~ 
expression vector CDM8 , a plasma with 
tetracycline/ampicillin resistance containing CMV 
(cytomegalo virus)/HIV (human immunodeficiency virus) 
promoters, SV40, and M13 origins of replication, splice 
and polyadenylation sites, and a polylinker region for 
insertion of cDNA species (Brian Seed). Plasmid DNA 
was transfected into confluent Cos-7 cells using the 
DEAE-dextran transfection procedure as described 
( 35 ). Enrichment of MEL-14 positive transf ectants was 
achieved by planting transfected cells stained with 
MEL-14 onto goat anti-rat Ig coated petri dishes. Non- 
15 adherent cells were removed, and after 0.5-1 hr, 
adherent cells were reanalysed by fluorescence 
staining. 

The results of analysis of the transfected 
cells show a population of positive cells when stained 
with MEL-14 compared to staining with an isotype 
matched control antibody. Identical backgrounds were 
obtained staining mock transfected or Thy-1 transfected 
Cos-7 cells with MEL-14. 

25 Immunoprecipitation of MEL-14 reactive cell surface 
determinant (s) from enriched mLHR^ transfected Cos-7 
cells "~ 

mLHR c transfected Cos-7 cells enriched as described 
above were surface labelled with 125 I using 

30 lactoperoxidase ( 90 ). Immunoprecipitations and 

electrophoreses were performed as described above using 
slab polyacrylamide gels under non-reducing and 
reducing conditions. Non reducing gel: A: 
transf ectants, isotype control; B: transf ectants, 

35 MEL-14 antibody; C: EL-4/MEL-14hi , MEL-14 antibody. 

Reducing gel: A: transf ectants , MEL-14 antibody; B: 
transf ectants , isotype control; C: EL-4/MEL-14hi , 
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MEL-14 antibody. 

The results demonstrated the presence of 2 
MEL-14 specific species under non-reducing conditions 
one slightly smaller than the mature GP-90 MEL -14 frQ 
EL-14/MEL-I4hi (lane C) with an apparent molecular 
weight of slightly less than 70 kD and an even smaller 
band of about 60 kD . This indicates that there may be 
processing of the transcript into discrete forms and 
perhaps reflects alternative pathways of post- 
radiational modification, including glycosylate 
and/or ubiguitination. it should be noted that, while 
the molecular sizes are slightly altered from the 
EL-4/MEL-14hi form the typical reducing/non-reducing 
behavior of GPSO^-H, with non . reduced form migra J 
faster than reduced form, is retained. 

Complete nucleotide ,nH r ~ dicted Drn ^ n 

mLHR p cDNA 3 

The nucleotide sequence of the cDNA was determined by 
the dxdeoxy chain termination method of Sanger and 
Coulsen, employing the engineered T7 DNA polymerase 
Sequenase system (U.S. Biochemical Corp.). single 
stranded template DNA's were derived from either 
pBluescript SK(-) (excised from original lambdaZAP 
isolates), Bluescript KS(-), or versions of 
bacteriophage M13mpl8 and mpl 9 modified to include a 
Not I site for convenient directional cloning. Once 
sequences encoding the amino terminus predicted by 
ammo acid sequencing g P 9 0 MEL-14 were identified 
appropriate restriction fragments were subcloned'to 
derive the internal sequence. Subsequently, 
oligonucleotide primers were synthesized to obtain the 
remaining sequence of the full-length clone and to 
obtain second strand sequence where needed. The 
predicted protein sequence is indicated below beginning 
with the initiator methionine at nucleotide position 
54; numbering to the right indicates the nucleotide and 
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protein positions. Cysteine residues in the mature 
protein are marked with an asterisk (*) above, and 
canonical N-linked carbohydrate recognition sites (Asn- 
X-Ser/Thr) are overlined with arrow bars. The 15 
5 nucleotides encoding the amino terminal five amino 

acids and hybridizing to the oligonucleotide probe used 
for screening are underlined in bold. Poly-A splice 
and common polyadenylation recognition sequences are 
double underscored. 
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The cDNA clone has a 54 bp 5 1 untranslated 
region followed by an initiator ATG codon, which begins 
an uninterrupted open reading frame of 1,116 bp. The 
TGA stop codon at position 1169 is followed by 327 bp 
5 of 3' untranslated region. 

The reading frame encodes a protein with a 
hydrophobic leader sequence 38 amino acids in length 
before reaching the initial tryptophan residue of the 
mature protein. Hydropathy analysis confirms a 

10 generally hydrophobic leader sequence, where the 
initial 15 residues are neutral to slightly 
hydrophilic. The signal sequence includes 3 positively 
charged residues, 4 cysteine residues, and 3 histidine 
residues, clustered in the 12 residues preceding the 

15 mature protein. 

The mature protein possesses 10 potential 
asparagine-linked glycosylation sites, with 6 of these 
contained within an identical repeat unit structure. 
The mature protein contains 22 cysteine residues, where 

20 12 of the cysteines are present in the complement 

regulatory protein repeat structures, and an additional 
9 cysteines are concentrated in the 60 amino acids 
preceding the repeat units involving the EGF-like 
domain, resulting in a highly cysteine-r ich pre- 

25 transmembrane region of 180-190 amino acids. 

The deduced mature protein is 334 amino acids 
in length with a calculated molecular weight of 
37,600. A hydrophobic transmembrane region 
encompassing amino acids from about 295-317 is followed 

30 by a cluster of positively charged residues and a 
hydrophilic cytoplasmic tail of 18 amino acids- A 
hydropathy plot shows distinct regions of relative 
hydrophilicity , concentrated in the amino terminal 150 
amino acids and in the membrane proximal approximate 20 

35 amino acids* The intervening ext racytoplasmic portion 
is comprised of a relatively electrically neutral 
stretch which includes the presence of the 
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aforementioned repeat units, identical at both the 
nucleotide and protein level. 

Protein comparisons reveal the extracyto- 
plasmic portion of the receptor to be made of 3 
separate extracytoplasmic domains, defined by their 
homology to 3 disparate protein motifs. 

The ami no- terminal domain shows homology to 
the carbohydrate binding domains of animal lectins 
(position 74-118); the succeeding 37 amino acids 
(positions 119-155) occupy the region between the 
lectin domain and the complement regulatory repeat 
units, exhibit similarity to the epidermal growth 
factor (EGP) cysteine-rich repeat unit; and the third 
region is comprised of 2 identical repeat units 
comforming to the consensus sequence of homologous 
repeats found in complement regulatory and other 
proteins (positions 156-217). 

The mLHR c is homologous over a stretch of 45 
amino acids equivalent to the 50 car boxy- terminal 
residues of the binding domain in animal lectins. The 
region includes three invariant cysteines at 90, 109, 
and 116 in mLHR c and -W at 75-76, a characteristic E-T- 
N (80-82), an E at 88, C-V at 90-91, and the conserved 
G-WND at 102-106, Only a highly conserved G, position 
12 in the consensus sequence and present in other 
mammalian lectins, is absent from the carbohydrate- 
binding domain in mLHR c . Between conserved residues 
N-82 and E-88 there is a cluster of 3 lysine residues 
and an insertion relative to the consensus sequence of 
5 charged amino acids between C-17 and G-24 of the 
consensus sequence. The entire domain contains 10 
positively charged residues, 3 R and 7 K . The presence 
of a lectin domain in mLHR c is consistent with studies 
which have demonstrated that raannose-6-phosphate and 
some analogs, but not other carbohydrates, inhibit 
binding to peripheral lymph node HEV, but not Peyer's 
patch. The unusual Lysine enrichment in the lectin 
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domain, combined with the known role of this domain in 
binding and our understanding of the known role of this 
MEL-14 epitope, suggests this region may contain the 
site of ubiquitination. HEV addressin is inactivated 
5 by treatment with neuraminidase, but not alkaline 
phosphatase, and an as yet unidentified, non- 
phosphorylated sialic-acid dependent molecule is 
indicated as the ligand for mLHR c . 

The EGF-like domain in mLHR c consists of a 
10 single copy homolog of the EGF repeat unit, which 

preserves many of the C/G residues characteristic of 
the structure. All 6 consensus C's are present as well 
as G*s at 147 and 150, and tyrosine at 148 of mLHR c • 
The relationship of these conserved residues is 
15 identical to that of human and bovine blood clotting 

factors IX and X and the Drosophila Notch gene product 
(and in all but 4 of 36 repeats in this gene), but not 
to the other molecules containing EGF-like domains, 
with no insertions or deletions required to align the 
20 sequences. The EGF-like domain shares homology with a 
portion of one of the cysteine-rich repeat units of the 
beta chain of the integrin LFA-1b 2 chain in the human 
(positions 449-483). A 12 amino acid region comprising 
mLHR c 142-154 aligns directly with 480-492 of the LFA- 
25 16 2 subunit, retaining the conserved spacing of 3 
cysteines, with identity of 7 residues. 

The next domain is a precisely duplicated 
repeat unit, with each unit of 62 amino acids in 
length, spanning positions 156-217 and 218-279. Murine 
30 complement factor H, a serum protein with complement 

regulatory activity, exhibits significant homology. In 
factor H, there are 20 contiguous, homologous, though 
not identical, repeat units having approximately 10-31% 
homology with the mLHR c receptor. The same homologous 
35 repeat motif exists in a number of complement 

regulatory proteins which bind C3/C4, and in other 
proteins such as the 11-2 receptor, the e 2 -glycoprotein 
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tissue plasminogen activator; LDL, low density 
lipoprotein; CR1, complement receptor 1; H, factor H; 
C 4 bp, C 4 binding protein; Ba, factor Ba; eGPI, b- 
glycoprotein I; I1-2R, interleukin-2 receptor. 
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cDNA synthesis and screening of human cDNA 

libraries 

Poly-dT primed cDNA was synthesized from 4 yg 
p-A selected mRNA following the basic RNase H procedure 
5 of Gubler and Hoffman. Double-stranded cDNA was 

synthesized and ligated into the EcoRI site of lambda 
gtll. Approximately 1.0 x 10 6 phage plaques in E. coli 
strain LE 392 were plated onto 150 mm agar plates at 
about 20,000 plaques per plate, lifted onto nitro- 
10 cellulose filters in duplicate, denatured in base, 

neutralized, and baked for 2 hours at 80°C. The full- 
length mouse lymph node homing receptor cDNA clone 
(mLHR c ) was excised as a Notl/NotI restriction fragment 
of about 1500 bp or as an approximate 1200 bp fragment 
15 excised with Xhol emcompassing all but the 5 1 300 bp of 
the full-length clone. These inserts were purified and 
labeled with 32P alpha-dCTP by the standard hexamer 
priming method. Hybridization was performed in 5X 
SSPE, 5X Denhardt's, 0.5% SDS, at 25°C for 18 hours, 
20 with duplicate filters, with 45% formamide in one probe 
mixture and 35% formamide in the other. The Not I full- 
length probe was placed in the 4 5% formamide set and 
the Xhol excised probe in the 35% set. Filters were 
hybridized for 18 hours and subsequently washed in 
25 several changes of 5X SSPE, 0.2% SDS at room 

temperature, and then at 55°C. Probing of filters 
resulted in the identification of 8 independent 
isolates which hybridized in both sets of filters and 
reproducibly hybridized on rescreening to plaque 
30 purification. 

Lambda gtll inserts were isolated and 
subcloned into the EcoRI site of M13mpl9 for sequence 
analysis by the dideoxy-sequencing method described 
above . 
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Human Lymph Node Homing Receptor Sequence 



30 



GAGTGCAGTCTAGGTGCAGCACAGCACACTCCCTTTGGCAAGGACCTGAGACCCT 
^TGCTAAGTAAGAGGCTCAATGGG^ 

AGCC ATG ATA TTT CCA TGG AAA TGT CAG AGC ACC CAG A^G 



M I p D 



ACT TAT GGA ACA TCT TTC AAG TTG TGG GGC TGG ACA ATG CTC 
10 CWTML 
TGT TGG GAT TTC CTG GCA CAT CAT GGA ACC GAC TGC TGG ACT 
CDFLA HBGTDCWT 

TAC CAT TAT TCT GAA AAA CCC ATG AAC TGG 
" * H * S = K P H N „ 

The following describes the experimental 
procedures for identifying LPAM-1 and -2. 



Antibodies and cell lines 

,.„,.„, P' 03 """" °* rat monoclonal antibody Rl-2 

(I 9 G2b, recognxzing the . chain of the LPAM-1 molecule 
was prepared a S follows, spleen cells from Fisher rats 
« ^unxeed 3X i. P . Mith the peyer-s patch HEV binding 

lymphoma ixne TK1 were fused with a non-secreting mouse 

myeloma P3x63AG8.653 usina «i- aB H a r<i * 

° 3J usi ng standard procedures (Galfre 

lit* I 1977) NatUre 266S550 " 552 >- Hybridomas producing 
antabodxes reactive in immunofluorescence assays with 
TK1 cells but not HEV binding lymphoma TK5 were cloned 
by linutmg dilution. Cultured supernatants of sub- 
clones were screened for inhibition of lymphocyte 
binding to HEV of either peripheral nodes or Peyer's 
patches. Monoclonal antibody Rl- 2 (i gG2b , k) wnich 
recognizes the LPAM-1 molecule was chosen for further 
analysis. 

The rat monoclonal antibodies Ml/70 (IgG2b) 
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reacting with the a submit of the murine Mac-1 antigen 
(Springer et al, (1978) Immunol. 8:539551) and 30G12 
(IgG2a) specific for mouse leucocyte common antigen 
T200 (Ledbetter and Herzenberg, (1979) Immunol. Rev. 
5 47:63-90) were used as controls. Hybridomas M17/4.3 

and M18/20 secreting rat monoclonal antibodies specific 
for the a and 8 chain of the murine LFA-1 antigen were 
obtained from Dr. T.A. Springer, Dana-Farber Cancer 
institute, Boston. A polyvalent rabbit antiserum 
10 raised against a synthetic peptide corresponding to the 
COOH-terrainal domain of the chicken integrin e x subunit 
was obtained from Drs. E.E. Marcantonio and R.O. Hynes, 
Massachusetts Institute of Technology, Cambridge. This 
anti-B^peptide antiserum was shown to be monospecific 
15 for integrin 6 X and reacts with B chains from a variety 
of vertebrates (Marcantonio and Hynes (1988) J. Cell 
Biol. 106:1765-1772). The rabbit anti-VLA-B antiserum 
was obtained from Dr. M.E. Hemler, Dana-Farber Cancer 
Institute, Boston. The polyvalent rabbit antiserum 
20 specific for platelet glycoprotein Ilia (Leung et al . , 
(1981) J. Biol. Chem. 256:1994-1997 was obtained from 
Dr. L.L.K. Leung, Stanford University, Medical School. 

T cell lymphomas TK23, TK40, and TK50 were 
passaged by subcutaneous injections of 10 4 - 10 7 cells 
25 into syngeneic AKR/cum recipients. All other cell 

lines were maintained in tissue culture using RPMI 1640 
with 7% fetal calf serum. 

In vitro HEV binding assay 
30 This technique has been described previously 

in detail (Stamper and Woodruff (1976) J. Exp. Med. 

144:828-833; Butcher et -al, (1979) J. Immunol. 

123:1996-2003). Briefly, lymphocytes in Hank's 

balanced salt solution (HBSS) containing 5% calf serum 
35 and 20mM HEPES pH7.4 were incubated with mild rotation 

for 30 minutes at 7°C on freshly cut frozen sections of 

murine peripheral (axillary, brachial, inguinal and 
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10 



15 



20 



25 



30 



35 



cervical) nodes or Peyer's patches. After incubation, 
adherent cells were fixed to the tissue section in cold 
i.25x PBS containing 2% formaldehyde (j. T . Baker 
Chemical Co., Phillipsburg, N .j.,. After fixation 

r^rrT-r rinsed off wuh a gentie — 

of PBS and the dried sections were examined 
microscopically. To facilitate quantitative 
comparisons, an internal standard population of mouse 
mesenteric node lymphocytes labeled by a 15 minute 
incubation at 37-C with 40 w g/ml f luoresceinisothio- 
cyanate (FITC, Sigma Chemical Co., St. Louis, MO, i„ 
serum-free HBSS containing 20mM HEPES pH7.4 was mixed 
with each sample population before incubation 
Lymphocytes adherent to HEV were first selected under 
darkfield illumination and then scored as sample 
(unlabeled, or standard (fluorescent, cells with UV 
epi-Ulumination. At least twelve sections per 
experiment were analyzed. The ratio of sample to 
standard cells on HEV (R HEV , and in the incubation 
mixture (P^, was determined and the specific adherence 
ratio, R HEV / Rl , was calculated for each sample (SAR ) 
and for mesenteric node lymphocytes ( SAR^ , . Direct 3 
comparison of the adhesive capacity of sample cells to 
that of unlabeled mesenteric node lymphocytes is given 
as a relative adherence ratio (RAR s =SAR s /SAR m ) . The 
HAR represents therefore the calcuLted^umSr of 
sample cells bound to HEV per reference mesenteric node 
lymphocyte bound under the same conditions. 

Cell labeling and immunoprecipitation 

Cells were surface labeled with 12 5l u " 
glucose oxidase-lactoperoxidase method (Pink and 
Ziegler, (1979, Radiolabelling and characterization of 
cell surface molecules. in: Lefkovitz and Pernis 
(eds.,. Research Methods in Immunology, pp. 169 _ 180 , NY 
Academic Press, Inc. lodinations were performed in 
HBSS containing 20mM HEPES pH7 . 4 . Cells were lysed at 
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3x10 /ml for 30 minutes at 4°C immunoprecipi tation 
buffer containing Ca ++ ions (C-IPB) consisting of 1% 
Triton X-100, 50mM Tris pH7.4, 150mM NaCl, and 2mM 
CaCl 2 . Leupeptin, antipapain, pepstatin, and 
5 chymostatin at lOwg/ml, soybean trypsin inhibitor at 
20ug/ml and lmM phenylmethylsulf onylf luoride were 
included as protease inhibitors. Lysates were 
centrifuged at 13,000xg for 15 minutes and precleared 
with Pansorbin cells (Behring Diagnostics, La Jolla, 
10 CA) or normal rabbit serum bound to protein A-Sepharose 
CL-4B. Rat monoclonal antibodies were bound to protein 
A-Sepharose CL-4B using a polyvalent rabbit antiserum 
to rat Ig (Pel Freez Biologicals, Rogers, AR). 
Immunosorbents were incubated with lysates for 3 hr at 
15 4°C and washed in lysis buffer. Immunoprecipi tates 
were analyzed by SDS-PAGE on 6% or 7% polyacrylamide 
gels. Molecular weight standards were myosin (M r 
200,000), 8-galactosidase (M r 116,000), phosphorylase b 
(M r 97,000), bovine serum albumin (M r 66,000), and. 
20 ovalbumin (M r 43,000). For some experiments monoclonal 
antibody Rl-2 was purified on a goat anti-rat Ig column 
and covalently linked to Affigel 15 according to the 
manufacturers instructions (Bio-Rad Lab., Richmond, 
CA) . 

25 

One-dimensional peptide mapping 

Digestion of proteins with V8 protease form 
S. aureus (Sigma Chemical Co., St. Louis, MO) was 
carried out during gel electrophoresis (Cleveland et 

30 al., (1977) J. Biol. Chem. 252:1102-1106). After 

separation of proteins by SDS-PAGE, gel slices were 
excised and incubated for 15 min in lmM EDTA, 0.1% SDS , 
125mM Tris pH6.8. Gel slices were then loaded onto a 
12.5% polyacrylamide gel and overlaid with 500 ng of V8 

35 protease in lmM EDTA, 0.1% SDS, 125mM Tris pH6.8, 20% 
glycerol containing bromphenol blue. Gel electro- 
phoresis was interrupted for lhr when the dye front 
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neared the end of the stacking g el to alio* 
digestion of proteins. en*y matic 

5 IS ° latio " ° f and Northern blot analysis 

isothio CellS lySed ln 3 4M 9"a n idiniun, 

isothiocyanate solution and the rna was pelleted 
through a cushion of 5 7m r=n dieted 
Biochemistry 18,529™, p i 9 """ " " 1 " (1979 > 

by Chromatography ^ o, ,', ' *"* iSOl "*<> 

10 Collaborative Resea": 9 ^ ' Ce " Ul ° Se 

denatured P-ly^C 'was^l^ aTa^ " 

and Schuell, T to l" T°" — (Schleicher 

hybridized at 42«C for i«h • Alters were 

at " c f or 16hr in 3x SSpp c n » « 
lx Denhardt's, 1% sds an* ,„« , % for, »»ide, 

» «- sh ed uVL^^rsir r/* d - 

hybridizations carried out under low Jl 
conditions, the formamide -o^t^'^T 
hybridation solution was reduced to 35% "ndV,. 
were washed in 2* SSPE , „. 1% SDS at ° "/ fllters 

25 r. CDNA clone ™ -odi^nVr^T!"";;- 

"e^rr^ ~ tr* fron Drs - d - m 

* v. t'acej., and R.O. Hvnes «pk« 
pHFeA-1 containing h «ynes. The cDNA clone 

<»«, Kot:t n Lor:-;r 7 ; n s 1 ,Gunnin9 et ai - 

30 Drs P Glinnj * 3.787-795) was obtained from 

rs * p ' Gunning and L. Kedes * 

Medical school. A 9 80bp Sclx/Salx L 

«as used for hybridizations ^ ° f PH " A - 1 
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human integrin molecule VLA-4 as indicated below. The 
VLA-4 a chain is noncovalently associated with the 
integrin b 1 subunit. Whether the LPAM-1 e chain 
(hereafter called e p ) is analogous to b x was tested. 
Different rabbit antisera specific for fl x did not 
recognize e p or other proteins in lysates of surface 
labeled LPAM-1 + TK1 lymphoma cells. 

The analogy between the alpha subunit of 
LPAM-1 (hereafter called o 4m ) and the alpha chain of 
the human integrin molecule VLA-4 was established as 
follows. A rabbit polyclonal antiserum specific for 
the alpha chain of human VLA-4 was tested for its 
ability to recognize the P160 subunit of LPAM-1. 
Immunoprecipitated SDS-denatured LPAM-1 was diluted in 
15 a buffer containing excess Triton X-100 and reanalyzed 
with different rabbit polyclonal antiserum. The 
monospecific rabbit anti VLA-4 alpha chain serum, but 
none of the control sera, specifically recognized P160 
and its fragment P84. The rabbit anti VLA-4 serum was 
obtained by immunization with purified alpha chains and 
does not cross react with other integrin alpha 
subunits. Thus, on the basis of immunological cross 
reactivity, as well as structural similarities, the 
P160 subunit of LPAM-1 appears analogous, if not 
25 homologous, to the human VLA-4 alpha chain. 

The anti VLA-4 antibodies immunoprecipitate a 
cell surface heterodimer of M r 150,000 and 130,000, as 
well as two proteins of M r 80,000 and 70,000, which 
were shown to be fragments of M r 150,000 a chain 
30 protein. This is analogous to the alpha chain of the 

LPAM-1 antigen, which upon reducing conditions produces 
four proteins of apparent molecular weights of 160,000 
(P160), 130,000 (P 130), 84,000 (P84), and 62,000 
(P62). TK1 lymphoma cells, 3T3 fibroblasts or murine 
35 platelets were cell surface iodinated and immuno- 

precipitates were analyzed by SDS-page. The antibody 
used was Rl-2. Immunoprecipitated material was treated 
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protease was carried out. The procedure was as 
follows. Gel slices containing radiolabeled beta 
subunits were excised after separation by SDS-page 
under non-reducing conditions and loaded onto a second 
5 polyacrylamide gel. Proteins were digested with SOOng 
V8 protease during the second electrophoresis. 
Proteins analyzed were LPAM-1 subunit 8p , integrin B . 
integrin e 2 , and integrin b 3 . The cellular sources of 
the various beta subunits were TK1 lymphoma cells, 
10 RAW112 lymphoma cells, 3T3 fiberblasts and murine 

platelets. The mapping showed that the digestion of e 
yielded peptide patterns clearly distinct from those of* 
B lt B 2 , and 8 3 . Similarly, digestion of b 2 , b 2 , and e? 
each gave a unique peptide pattern. Therefore, these 
15 results support the concept that 6p represents a unique 
6 subunit. 

The LPAM-1 subunit e p was further compared to 
B X by Northern blot analysis. Consistent with the 
absence of Bl protein from TK1 cells a cDNA clone 
coding for an N-terminal fragment of murine B , did not 
hydridize with RNA from TK1 cells. The comparison was 
performed by isolating poly (A + ) rna from a + b," TK1 
cells or ep - 8l + RAW 112 cells and hybridizing with cDNA 
clone pMINTB encoding amino acids 1-333 of the murine 
integrin fil subunit or with a B-actin probe. Filters 
were hybridized and washed under low stringency or high 
stringency conditions. The hybridization with the 
beta-actin specific probe revealed that approximately 
equal amounts of TK1 and RAW112 poly ( A + ) RNA were 
analyzed. The same results were obtained both under 
high and low stringency conditions. In contrast, the 
Bi-specific cDNA probe hydridized with two RNA species 
of the Bl + RAW112 lymphoma cells. These results 
clearly demonstrate that B p is distinct from integrin 
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reanalyzed with anti-integrin a lf anti-VLA-s, the LPAM- 
1 heteroantiserum, and monoclonal antibody 30G12 
directed against the leucocyte common antigen T200. 
Samples were analyzed by SDS-PAGE under non-reducing 
conditions. The bound proteins were eluted, and the 
dissociated subunits were reanalyzed using the LPAM-1 
heteroantiserum or two antisera directed against a ± . 
Consistent with the results presented above, the s 
subunit expressed in TK1 cells reacted with the anti- 
LPAM-1 heteroantiserum, but not with the Si-specific 
antisera. In contrast, the M r 115,000 protein 
coprecipitated by antibody Rl-2 from e p -negative cell 
lines TK50, Ll-2, T69, and KKT2 was recognized by both 
B^-specific antisera, but not by the LPAM-1 
heteroantiserum. Both e p and the M r 115,000 protein 
were isolated from cell lines TK23 and TK40. 
Accordingly, both anti-i^ antisera specifically reacted 
with the M r 115,000 protein, whereas e p was only 
detected by the LPAM-1 heteroantiserum. These results 
show directly that fip as well as a distinct M r 115,000 
protein (integrin Bl ) are copurified with an antibody 
specific for a 4m . 

Gel slices containing radialabeled a 4m were 
excised from an SDS-PAGE (nonreducing) separation and 

25 digested with 500 ng V8 protease during the 

electrophoreses in a second polyacrylamide gel. The 
a 4m subunits were isolated from cell lines TK1, TK23, 
TK40, and TK50. The identity of the a subunits 
recognized by antibody Rl-2 was further verified by 

30 one-dimensional peptide mapping. Digestion of a chains 
isolated from four different cell lines with V8 
protease yielded identical peptide patterns regardless 
of their association with 6 p or b x indicating that 
antibody Rl-2 recognized the same a on different cell 

35 lines. Therefore the VLA-4-like LPAM-1 a chain is the 
common subunit of two distinct cell surface 
heterodimers: LPAM-1 , composed of a 4m associated with 
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particular anatomical sites. The different proteins 
may be used in a variety of ways to prevent cells from 
binding or to direct compositions to the desired 
sites. In this manner, the immune system may be 
modulated by increasing or decreasing lymphocyte 
populations at specific sites. The ability to control 
the lymphocyte population at particular sites, may be 
used to protect against autoimmune diseases, reduce the 
inflammatory response, to localize specific cells or 
drugs for diagnosis or therapy for neoplastic 
conditions, and to enhance immune responses by 
modifying viruses which may be endocytosed by 
lymphocytes or monocytes for presentation to T-cells. 

All publications and patent applications cited 
in this specification are herein incorporated by 
reference as if each individual publication or patent 
application were specifically and individually 
indicated to be incorporated by reference. 

Although the foregoing invention has been 
described in some detail by way of illustration and 
example for purposes of clarity of understanding, it 
will be readily apparent to those of ordinary skill in 
the art in light of the teachings of this invention 
that certain changes and modifications may be made 
thereto without departing from the spirit or scope of 
the appended claims. 
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antibody to LPAM-1, -2 or VLA-4, a peptide of LPAM-1, 
-2, VLA-4, or core protein of g P 90 Me1 - 14 or domain 
thereof, capable of binding to said mucosal membrane 
lymphoid organ or tissue ligand or lymph node, a 
5 peptide immunologically cross-reactive therewith, or a 
conjugate thereof, to modulate binding to mucosal 
membrane lymphoid organ or tissue ligand; 

whereby said composition modulates the 
binding to said ligand. 

10 

7. A method according to Claim 6, wherein 
said composition comprises an antibody to LPAM-1, -2 or 
VLA-4, a peptide of LPAM-1, -2, VLA-4, core protein of 
gp90 Me - 14 or extracytoplasmic domain thereof, capable 
15 of binding to said mucosal membrane lymphoid organ or 
tissue ligand. 



8. A method according to Claim 7, wherein 
said composition comprises VLA-4 or fragment thereof 
20 capable of binding to said mucosal membrane lymphoid 
organ or tissue ligand. 
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9. A method according to Claim 8, wherein 
said composition comprises LPAM-1 or -2. 

10. A composition comprising at least about 
50 wt.% of LPAM-1 and/or -2. 

11. A composition comprising at least about 
30 50 wt.% of a mammalian a 4m or b p . 

12. A composition comprising a fragment of 
LPAM-1 , or -2 capable of binding to a mucosal membrane 
high endothelial venule. 
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13. A composition comprising a fragment of a 
mammalian <* 4m or b p of at least about 8 amino acids. 
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14. A DNA sequence of at least about 12nt 
having at least about a 95% identity with a sequence of 
the gene encoding a 4m or b p and terminating at the 
coding sequence or joined to other than the natural 
contiguous DNA. 

15. A DNA sequence according to Claim 14, 
comprising a cDNA. 

16. A DNA sequence encoding a 4m . 

17. A DNA sequence encoding b p . 

15 18. A DNA sequence of at least about 12nt 

having at least about a 95% identity with a sequence of 
the gene encoding g P 90 Me1 - 14 and terminating at the 
coding sequence or joined to other than natural 
contiguous DNA. 

20 

19. A DNA sequence according to Claim 18, 
comprising a cDNA sequence. 

20. A DNA sequence according to Claim 18, 

25 comprising the signal sequence, lectin-like domain, 

EGF-like domain or the complement regulatory protein 
domain. 

21. Antibodies to the core protein of 
gp90 Me1 " 14 capable of blocking binding to high 

30 endothelial venules. 

22. Antibodies to a 4m or b p capable of 
blocking binding to high endothelial venules. 

35 23. A cell comprising a construct comprising 

a DNA sequence according to any of Claims 14 or 18 
under the transcriptional and translational regulation 
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of regulatory regions functional in said cell, wherein 
said construct is present in said cell as a result of 
introduction of said construct into said cell, 

5 24. A method for inhibiting metastasis to a 

high endothelial venule site, said method comprising: 

administering to a mammalian host a 
binding inhibiting amount of a composition comprising 
an antibody to LPAM-1, -2 or VLA-4, a peptide of LPAM- 
10 1/ -2, VLA-4, or core protein of gp90 Me1 " 14 capable of 
binding to said mucosal membrane lymphoid organ or 
tissue ligand or lymph node, a peptide immunologically 
cross-reactive therewith, or a conjugate thereof. 

15 25. A method for directing a cell or virus to 

a mucosal membrane lymphoid organ or tissue or lymph 
node in a mammalian host, said method comprising: 

introducing into said cell or genome of 
said virus an expression cassette comprising a DNA 

20 sequence according to Claim 5 or functional fragment 
thereof for expression of said unit or functional 
fragment thereof, whereby the expression product occurs 
on the surface of said cell or virus and is able to 
bind to a high endothelial venule ligand, to produce 

25 cells or viruses which home to said high endothelial 
venules . 
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li. Claims b-¥, drawn to a method of modulating 
Homing ot a component of interest to a homing 
Ltgand ot a high endothelial venule associated with 
a nucosal memoraae, classified in Class 43b, 
suociass :>ui. Claims b-y are generic to a plurality 
ot disclosed patentably distinct species comprising 
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a specitic CP AM— 2 peptide n) a specific VLa-4 
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a specitic ^pyumeli^ domain q; the ext racytoplasmic 
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ill. Claims lU-13, drawn to a composition 
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oligonucleotide. H c Dp 



